Introduction
The maternal mortality ratio (MMR) is an important indicator of health care quality in a given society.
1,2 Despite a decrease in the worldwide MMR in the past 2 decades 3,4 progress has been much slower than expected. 3 An estimated 303,000 women died of causes related to pregnancy and childbirth in the world in 2015, and the majority (w99%) of these deaths occurred in developing countries. 3 Yet, in developed countries such as the United States, the MMR has not decreased, with recent studies suggesting an increase in such deaths. 5, 6 Given these factors, the United Nations proposed the reduction of the global MMR to <70 deaths per 100,000 live births by 2030 as a sustainable development goal. 7 Analyses of maternal deaths have consistently revealed that delays in the recognition of pregnancy complications are associated with higher mortality. [8] [9] [10] [11] Therefore, the use of early warning systems (EWS) have been proposed as a potential tool to reduce maternal morbidity and mortality, based on identification of predetermined abnormal values (warning signs) to generate a rapid and effective medical response. [12] [13] [14] [15] Several EWS have been developed for obstetrical patients, but the majority are the result of a clinical consensus rather than statistical analyses of clinical outcome measures (ie, maternal deaths). [14] [15] [16] [17] [18] In 2013, Carle et al, 19 with the Intensive Care National Audit and Research Center (ICNARC) Case Mix Program in the United Kingdom, designed and internally validated a statistically derived, clinically modified, Obstetric Early Warning Score Original Research ajog.org (OEWS) using 4440 obstetric admission to the intensive care unit (ICU) that showed a good predictive ability to discriminate survivors from nonsurvivors. 19 Recent studies from the United States have shown that the implementation of a clinical, pathway-specific maternal EWS significantly reduces severe maternal morbidity.
14 There have been no studies assessing the utility of EWS in critically ill obstetric patients for the prediction of maternal death. As maternal death often occurs in the ICU, early warning tools may help allocate appropriate resources in the ICU. The ICNARC-OEWS has been the only obstetric early warning tool designed with a large sample size and a statistically derived score using maternal death as the main outcome. 19 An important goal for the generalizability of any score is the validation in different settings such as populations outside the original development data set. Thus, the objective of this study was to validate the performance of the ICNARC-OEWS for the prediction of maternal death in peripartum women admitted to a critical care unit in a developing country.
Materials and Methods

Study design and setting
A single-center retrospective cohort study was designed with all consecutive pregnant and postpartum (up to 42 days) women who required admission to the ICU Gestion Salud at Clínica de Maternidad Rafael Calvo (CMRC) in Cartagena, Colombia, from Jan. 1, 2006, through Dec. 31, 2011. CMRC is a large, university-affiliated maternity hospital that delivers nearly 9000 women per year, accounting for 46% of all live births in Cartagena, a city of approximately 1 million people. In 2010 the estimated MMR in Colombia was 92 deaths per 100,000 live births. 20 All consecutive pregnant patients and women admitted to the ICU within 42 days postpartum were eligible for the study. The institutional review board of Gestion Salud at CMRC approved the study. All women provided written informed consent for the use of their clinical data for research purposes.
Data collection
Clinical information was gathered from hospital medical records by a trained research nurse, and described elsewhere. 21, 22 Data included demographic variables (maternal age, socioeconomic status), obstetric variables (parity, pregnancy status, and gestational age at time of admission), diagnosis upon admission and during the stay in the ICU, lowest and highest values of vital signs in the first 24 hours after admission (temperature, systolic blood pressure, diastolic blood pressure, heart rate, and respiratory rate), and need for critical care interventions such as mechanical ventilatory support or use of vasoactive drugs during the ICU stay. The Glasgow Coma Scale (GCS) score was calculated at the time of admission to the ICU. If GCS score was unavailable on admission because of sedation, the last GCS score documented before sedation was used.
Definitions
Women were followed up to hospital discharge and maternal death was defined as death during pregnancy or within 42 days postpartum. 20 Direct obstetricrelated disorders were defined as those resulting from obstetric complications of the pregnant state (pregnancy, delivery, and postpartum) or chain of events resulting from pregnancy-related disorders (eg, hypertensive disorders in pregnancy). 20 Indirect obstetric causes were defined as those resulting from preexisting conditions or conditions that developed during pregnancy and may have been aggravated by physiologic effects of pregnancy, but were not due to direct obstetric causes. 20 
Obstetric early warning score
The original publication by Carle et al 19 reported the design of a statistically based early warning score (statistical OEWS) and a modification established by the authors based on the weight of each variable, clinically (clinical OEWS). In this study, we analyzed the score recommended by the authors, the clinical OEWS. The OEWS is calculated based on values of the following variables: systolic blood pressure, diastolic blood pressure, respiratory rate, heart rate, fraction of inspired oxygen (FiO 2 ) required to maintain an oxygen saturation 96%, temperature, and the level of consciousness (Supplemental Table 1 ). 19 Specific scores were defined as follows: 0 for routine care, 1-3 in the aggregate score for low-grade response, 4-5 in the aggregate score or 3 in 1 abnormal vital sign for a medium response, and 6 in the aggregate score for a high response. 19 
Statistical analysis
All categorical variables were expressed in percentages, and continuous variables in median with interquartile ranges (IQR) as dispersion measure. Comparisons of categorical variables were performed with c 2 or the Fisher exact test, when appropriate. Continuous variables were compared through analysis of variance or Kruskal-Wallis, depending on whether variables were normally distributed or not. Normality was assessed with the Shapiro-Wilk test. Odds ratios (OR) were reported with 95% confidence interval (CI) for multivariable logistic regression. We constructed the multivariable logistic regression model following the recommendations of Kleinbaum and Klein 23 to specify the multivariable model.
To assess the diagnostic performance of the clinical OEWS, model discrimination was estimated using the area under the receiver operator characteristic curve (AUC), and reported with 95% CI. Although EWS were not designed to predict mortality, the present study assesses the probability of death predicted by the OEWS to evaluate the possible impact of a trigger and how the different classifications proposed by the ICNARC group relate to mortality in our population. A P value <.05 was considered significant for all analyses. Cases with missing data in any variable related to the OEWS were not included in the analyses. All statistical analyses were performed using statistical software (Stata 13; StataCorp, College Station, TX).
Results
Patients' characteristics
During the study period, 50,897 births were recorded. A total of 724 obstetric patients required admission to critical ajog.org OBSTETRICS Original Research care, for an ICU admission rate of 14.22 per 1000 deliveries. Incomplete vital sign data were found in 22 subjects (3.0%) of the cohort. Of these 22 women, 2 died (9.1%). However, there were no significant differences in mortality rates between women excluded from the sample due to missing data, and women with complete data. There were 29 deaths in the 702 women with complete data, for a case fatality rate of 4.1% and a MMR of 56.98 deaths per 100,000 live births. Clinical characteristics and vital signs in the first 24 hours of ICU admission according to survival status are described in Table 1 . There were no significant differences in maternal age, nulliparity, and length of ICU stay between women who survived to ICU discharge and those who died (P > .05). Our data demonstrated that those patients who did not survive were more likely to have hypotension, tachycardia, and a low GCS score compared to women who did survive (Table 1) .
Direct obstetric-related admissions represented the most frequent cause of ICU admission (76.1%, 534/702). The most common diagnosis on admission was hypertensive disorders of pregnancy (45.9%, 322/702), followed by obstetrical hemorrhage (23.1%, 162/702). Indirect admissions constituted the remaining 23.8% (167/702) of all maternal admissions to the ICU. The most frequent cause of death was postpartum hemorrhage as it accounted for 34.5% of all deaths (n ¼ 10). A more detailed description of diagnoses can be found in previous analyses of the cohort.
21,22
Risk of mortality by vital sign score Crude and adjusted mortality risk for each abnormal individual clinical variable (either lower or higher than normal) using the cut-offs in the original OEWS study are described in Table 2 . Crude and adjusted mortality risk analyses showed that abnormal systolic blood pressure, heart rate, temperature, FiO 2 , and an abnormal GCS score were all significantly associated with mortality but abnormal values of diastolic blood pressure or respiratory rate were not (Table 2) . Importantly, the variable with the highest association with maternal death was a GCS score 14 (abnormal level of consciousness), with an OR of 12.35 (95% CI, 5.26e29.02).
Ability of OEWS to discriminate mortality
Overall, in the study sample the median OEWS score was 7 (IQR 4-9). The OEWS value was significantly higher in nonsurvivors compared to survivors [12 (IQR 10-13) vs 7 (IQR 4-9); P < .001]. Table 3 shows the relationship between the results of OEWS triggers and maternal death, interventions (requirement of mechanical ventilatory and vasoactive support), and length of ICU stay. A normal value of OEWS (a value equal to 0) was present in 5 patients (0.7%) with a mortality rate of 0%; while in the 396 women (56.4%) with a high trigger score (>6) mortality rate was 6.3%. These data also show that in ICU admissions directly related to complications of pregnancy there were no cases of maternal death in women with OEWS 3. Furthermore, if the OEWS trigger was high, the use of mechanical ventilation occurred in 21.2% of cases and vasoactive drugs were administered in 16.2% (Table 3) . Importantly, none of the patients with an OEWS score of 0 (ie, no abnormalities) required mechanical ventilatory support or administration of vasoactive drugs during their ICU stay. Length of stay in the ICU was 
Direct and indirect critical obstetrical admissions
The AUC of the ability of OEWS to discriminate mortality was 0.84 (95% CI, 0.75e0.92) (Figure) . Overall the predictive value was better in critical care admissions where the main cause of admission was directly related to pregnancy or the postpartum state. The AUC of the score in conditions directly related to pregnancy and postpartum was 0.87 (95% CI, 0.79e0.95), while in indirectly related conditions the AUC was 0.77 (95% CI, 0.58e0.96) (Figure) .
Comment
This is the first study validating the use of OEWS in a large number of pregnant and postpartum women consecutively admitted to an ICU in a developing country. Our results show that OEWS has a good predictive ability to discriminate between survivors and nonsurvivors in the peripartum period, especially in conditions directly related to pregnancy or postpartum. In addition, the OEWS is able to identify patients at a higher risk of requiring interventions in the ICU such as mechanical ventilation and/or vasoactive support. Despite the good performance of the score in our population, several issues of OEWS can be improved upon. Carle et al 19 made a strong effort to develop an EWS score in the pregnant population, however, several concerns have been raised regarding the generalizability of the analysis. 24, 25 First, the sample employed to develop the score was strictly composed by ICU admissions directly related to pregnancy. In the United States, from 2006 through 2009, cardiovascular conditions alone accounted for over a third of all pregnancy-related deaths, and together with other medical conditions, they accounted for half of all pregnancyrelated deaths. 6 Similarly, we and other authors have reported an increase in indirect maternal deaths due to medical complications in developing countries. [26] [27] [28] Our results show that OEWS has a low predictive ability to discriminate between survivors and nonsurvivors in indirect admissions to obstetrical critical care. This finding strongly suggests that indirect causes, which account for a quarter of all maternal deaths worldwide, 20 are not within the current scope of OEWS. We have previously compared the performance of scoring systems for critically ill patients for the prediction of maternal death in the ICU, and along with others have shown that scores such as the Simplified Acute Physiology Score II and III, as well as the Acute Physiology And Chronic Health Evaluation (APACHE) II and the mortality probability model (MPM) III, overestimate maternal death. 21, 22 It is unclear whether the suboptimal performance of these scores is due to physiological changes associated with pregnancy or to statistical limitations, since the majority of these scores have not been designed to include pregnant women. 29, 30 Thus, the importance of designing and validating scoring systems in each specific subpopulation cannot be overemphasized.
Due to the combination of statistically weighted variables and "pragmatic" clinical variables during the development of the OEWS, 19 potential associations might be overlooked. The statistical score reported by Carle et al, 19 which the final OEWS was based on, did not include important variable transformations that would account for the nonlinearity in the association with mortality. While a transformation was 2 , the risk of mortality is not linear with systolic blood pressure, respiratory rate, heart rate, and temperature. This is important because extreme values of these nonlinear variables are usually associated with mortality. A good case can be constructed using diastolic blood pressure, since in the OEWS a diastolic blood pressure <90 mm Hg is considered normal. In postpartum hemorrhage (the most common cause of maternal death in our population), obstetricians use blood pressure in conjunction with other physical findings to determine if a peripartum woman has hypovolemic shock. Using the methodology of Carle et al, 19 a woman with only a diastolic blood pressure <90 mm Hg does not need further care or follow-up. However, the nonparametric test of hypothesis in Table 1 showed that, while ignoring the cut-offs suggested by Carle et al, 19 diastolic blood pressure had a strong association with mortality in our sample (P < .001). These issues with development leave room for improvement of this score.
Maternal deaths are studied almost globally to assess the quality of health care in a given country and the admission of a pregnant or a recently delivered mother to an ICU is an auditable event. 31 A recent study from the United States has shown that the implementation of a clinical, pathway-specific, Maternal Early Warning Trigger tool is able to significantly reduce severe maternal morbidity.
14 Despite the benefits of EWS in the obstetric population and its association with decreased severe maternal morbidity, 14 no clinical trial has evaluated the impact of the use of OEWS on mortality reduction. [14] [15] [16] [17] [18] This is important, since warning systems that generate a large number of false-positive findings might generate an excessive burden on health care systems. 32 On the other hand, scores with a high false-negative rate could lead to poor clinical outcomes. Translated into a clinical context, current evidence from the general population suggests that the use of EWS by itself is not enough to improve hospital mortality, 33 and that for this tool to perform optimally, an EWS must be integrated with an ICU outreach support system, such as a rapid response team. 34 To encourage more timely recognition and treatment, scientific associations such as the United Kingdom review of maternal deaths "Saving Mothers' Lives" and the American Heart Association have recommended the routine use of OEWS in all pregnant or postpartum women who become "unwell." 35, 36 For these reasons, we believe that warning systems such as the Maternal Early Warning Trigger could be implemented Our study has some limitations. The data set, while large, is collected after admission to the ICU. EWS is usually assessed outside the ICU, such as the general ward, emergency room, or operating room, so its usefulness in this setting still needs to be established. It is possible that due to its design, the OEWS may only differentiate the risk of in-ICU death. The most important limitation is related to the retrospective design of the study. Our assessment was retrospective and information bias may have played a role in our results. Selection bias is unlikely in our cohort because we included consecutive patients from a relatively large time period. Other studies have shown that there is incomplete or inaccurate recording of vital signs, in particular respiratory rate, even in large centers. 39 A standardized method of measure should be specified in future research for proper interpretation of this vital sign, and the lack of significance in our work might be related to measure bias, since our study is retrospective. The use of OEWS in obstetrics represents a highly useful approach in the early identification of women at higher risk of dying from disorders directly related to pregnancy in a developing country setting. Further research is required to assess whether routine use of OEWS and the subsequent utilization of multidisciplinary emergency teams have the potential to reduce maternal mortality in developing countries. Use of historical control data (ie. maternal mortality ratio) for assessing the potential survival benefit from early recognition of maternal deterioration using OEWS and subsequent early intervention may overcome ethical issues and provide more accurate point estimates, increased power, and reduced type I error in future studies. n ajog.org
